Aeluropus littoralis is a monocot halophyte grass and provide valuable genetic resources for understanding the molecular mechanisms of stress-responsive genes, and improving tolerance to abiotic stresses in economically important crops. In an attempt to identify salt stressed responsive genes, 154 isolated expressed sequence tags (EST) from A. littoralis were bioinformatically analyzed and functionally annotated. Of the 129 assembled unique transcripts, 111 (86%) and 18 (14%) comprised of singletons and contigs, respectively. Among them, 58.9% could be assigned a putative identity, 20.9% with hypothetical or unknown functions and 20.9% showed no match with existing sequences. Expression pattern of 41 selected ESTs were estimated by quantitative realtime polymerase chain reaction (qPCR) in two different tissues. Expression profi ling were undertaken in control and three time point of salt stress (6hrs, 24hrs and one week) followed by three time point of recovery condition (6hrs, 24hrs and one week). In the root, the genes of SAMDC, ISB1 (6hrs), PP2C and SelO, HsfA1a, TFC D, Katanin, F-box were signifi cantly up-regulated relative to control while LecRLKs, ARP, HP3, PICKLE, Utp20, SYP81, CIPK20, HAK18, VDAC3, SND1, NAP1, ISB1 (6hrs and 24hrs), NUC2, MUT, HP1 and PIP1;3 showed down-regulation in given conditions. In the case of leaf tissue, the genes of PP2C, SelO, Utp20, SND1, PITP, LecRLKs, STPK, KCNK12, HsfA1a, HAK18, NUC2, ARP, HP3 and ARP were signifi cantly up-or down-regulated. Differential regulation of these genes were observed in root and tissue which confi rm their role in salt stress tolerance. This functionally annotated EST and gene expression profi ling provide initial insights into the transcriptome of A. littoralis.
INTRODUCTION
The global climatic changes, such as prolonged drought, temperature change and increasing salinity, cause to a serious challenge for agricultural production worldwide, affecting plant growth and yield. Drought and salinity are becoming particularly widespread in many regions, and may cause serious salinization of more than 50% of all arable lands by the year 2050. Therefore it is important to secure food production for a growing world population by increasing the yield of crop plants while resources become more restricted (Yamaguchi and Blumwald, 2005 , Pitman and Läuchli, 2002 and Mittler and Blumwald, 2010 .
The discovery of novel stress-responsive genes, identifi cation of new cis-and trans-acting elements that are involved in stress adaptation provide an opportunity for generating stress tolerance crops (Cushman and Bohnert, 2000 , Patnaik and Khurana, 2001 , Ben-Saad et al., 2012 and Hashemi et al., 2016 .
The use of wild plant species or halophytic relatives has been considered in plant breeding programs for developing salt and drought tolerant crops Utilising such approach, Aeluropus littoralis can serve as a halophyte model for identifi cation and isolation of the novel adaptation genes. Aeluropus littoralis is a perennial monocot grass with the small haploid genome of 349 Mb, using the C 4 mechanism for carbon fi xation (Wang, 2004) . Aeluropus littoralis grows in dry salty areas or marshes (Saad et al., 2011) and can survive where the water salinity is periodically high (Mesléard et al., 1993) and tolerate up to 1100 mM sodium chloride (Barhoumi et al., 2007) . Therefore, A. littoralis serves as valuable genetic resource for understanding the molecular mechanisms of stress-responses in monocots, and can potentially be used for improving tolerance to abiotic stresses in economically important crops (Saad et al., 2010) .
The process of identifying new genes and characterizing their functions generally is done at three molecular biology levels viz: genomics, transcriptomics and proteomics. Transcriptome-based gene discovery in response to environmental stress offers insights into the roles of the transcriptome in the regulation of physiological and biological responses (Gracey, 2007) . Because these methods strictly clarify changes in transcript level, a complex multi-component process, such as salt and drought stress, can be broken into their basic element (Umezawa et al., 2002) . Partial cDNA isolation often known as expressed sequence tags (ESTs) is the rapid and costeffective Transcriptome-based gene discovery method that has become an effi cient approach for identifying of coding regions in a wide spectrum of organisms.
Various techniques such as differential display PCR (DDPCR) (Hubank and Schatz, 1994) , cDNA-amplifi ed fragment length polymorphism (AFLP) (Bachem et al., 1996) , suppression subtractive hybridization (SSH) (Diatchenko et al., 1996) , serial analysis of gene expression (SAGE) (Velculescu et al., 1995) , massively parallel signature sequencing (MPSS) and recently whole transcriptome profi ling (RNA-Seq) (Brenner et al., 2000) have been used for EST isolation. By use of these techniques a large number of genes expressed during different developmental, differentiation and growth stages or in response to a variety of biotic and abiotic stresses has already identifi ed in plants (Priya et al., 2012) . It is clear now, the most biological processes, growth and developmental programming are regulated by the precise control of genetic expression (Agarwal et al., 2008) . Genomewide analyses of mRNA level showed that the expression level of genes may be changed (up or down-regulation) in response to different condition (Rabbani et al., 2003) , in some case differential regulation of specifi c genes and pathways can lead to adaptation of crop genotypes to different abiotic stress (Aglawe et al., 2012) .
To gain insight into these processes, it is necessary to study patterns of gene expression. Quantitative realtime polymerase chain reaction (qPCR) analysis is one of the most currently used approaches for measuring gene expression level (Gutierrez et al., 2008) . The sensitivity, specifi city and simplicity of this technique is incomparable with other methods such as Northern and in situ hybridization, RNase protection assays and semi-quantitative reverse transcription-polymerase chain reaction (RT-PCR) (Bustin, 2000) .
In our pervious study (Fatemi et al 2016.) , 154 ESTs (relative to salt and drought stresses) have been isolated from A. littoralis by cDNA-AFLP and their sequences were deposited in dbEST database (NCBI; www.ncbi.nlm. nih.gov/dbEST). The primary goal of this investigation was to annotate and assign putative functions of 154 isolated ESTs. Also, expression pattern of selected ESTs was analyzed in two different tissues of A. littoralis at salt stress and recovery condition.
MATERIAL AND METHODS
Aeluropus littoralis seeds were collected from Isfahan province (Roddasht region) in Iran and the sterilized seeds plated on full strength MS medium (Murashige and Skoog, 1962) with vitamins, 3% sucrose and 0.7% agar (pH 5.8) . The cultures were incubated in germinator at 25 ± 2 C with 16 h light/8 h dark photoperiod at 100 μmol m -2 s -l photon fl ux density using cool-white fl uorescent light. Two weeks after germination, the seedlings were transferred to hydroponic culture containing Hoagland's solution (Hoagland and Arnon, 1950) . The 30 day-old seedlings were stressed in 600 mM of sodium Hashemipetroudi et al. chloride at six passages (received 100 mM sodium chloride per 48 hrs up to 600 mM). At the end of the sixth passage, salt stress samples were collected at 6hrs (S1), 24hrs (S2) and one week (S3) time point. In order to plant recovery, the remained plants were transferred to a sodium chloride-free Hoagland's solution, and then were collected after 6hrs (R1), 24hrs (R2) and one week (R3). Leaf and root were sampled in parallel. Control samples were taken from unstressed plants at the start of the experiment. All samples were immediately frozen in liquid nitrogen and stored at -70°C for RNA extraction.
The EST sequences of Aeluropus littoralis were retrieved from EST database at NCBI and were analyzed using the BLASTN, tBLASTX and BLASTX algorithms (Zhang et al., 2000) . The database of gene ontology (http.//www.geneontology.org) was used to investigate the molecular function of each EST and its role in biological processes as well as its location in the cell. After selection of candidate reference genes, the gene-specifi c primers were designed using the Primer 3 software (Rozen and Skaletsky, 1999) , and were synthesized by Metabion GmbH (Martinsried, Germany). All designed primers had 18-24 length, GC content ranging from 42% to 61% and similar melting temperatures (55-64°C). The amplicon length ranged from 60 to 282 bp. The primer sequences and GenBank accession numbers of related genes are presented in Table 1 . The primer specifi city was evaluated by melt curve analysis, and size of the amplicons was tested by end-point PCR on 3% agarose gels.
Total RNA was extracted using TRIzol reagent (Invitrogen Life Technologies, Karlsruhe, Germany) according to the manufacturer's instructions. The quality and quantity of the extracted ribonucleic acid was checked by measuring absorbance at 260/280 nm using a NanoDrop spectrophotometer (Biochrom WPA Biowave II, UK). Further, the purity and integrity of RNA was tested by running on 1.2% agarose gel electrophoresis. Residual gDNA contaminating RNA extracts was removed by DNase treatment (DNase I RNase-free, Thermo Scientifi c, USA). The qPCR with three rDNA-based primers has recently been applied for DNA contamination assay by using RNA as template, (Hashemi et al., 2016) .
The cDNA was synthesized using the QuantiTect reverse transcription kit (Qiagen) according to the manufacturer's instructions. In brief, 1 μL (200 ng) of treated RNA, 1 μl of RT primer mix (blend of oligo-dT and random primers), 1 μl Quantiscript Reverse Transcriptase (contains RNase inhibitor), 4 μl Quantiscript RT Buffer 5X (includes Mg 2+ and dNTPs) and 13 μl of RNase-free water were added and incubated at 65°C for 20 min and then followed by incubation at 95°C for 3 min for inactivation of reverse transcriptase. The fi nal cDNA reactions were diluted 1:10, and stored at -20°C. Targets were amplifi ed by the Maxima SYBR Green/ROX qPCR Master Mix (Thermo Scientifi c) with two-step cycling in CFX96 real-time PCR instrument (Bio-Rad, USA) according to the company's suggestions. The reaction master mix prepared by adding the following components: 1μL of cDNA (50 ng), 5 μl of 2X SYBR Green Master Mix and 0.3 μl of 10 μM of each primers and 3.4 μl of RNase-free water. Thermal cycling were performed using two-step cycling protocol according to the company's procedures as follow: 10 min initial activation step at 95° C followed by 40 cycles of 95° C for 15 sec and 60° C for 1 min.
Data acquisition were performed during the annealing/extension step. After amplifi cation, all PCR reactions were subjected to a thermal melt with continuous fl uorescence measurement from 55°C to 95°C for dissociation curve analysis. Curves were analyzed by CFX Manager (Bio-Rad) with single threshold cycle and subtracted curve fi t method. At least one non-template control (NTC) was used for each primer pair master mix. The threshold cycles (Ct) were automatically calculated for all reactions in the plate using the CFX manager software (Bio-Rad). All assays were carried out in three replications. The mean values for each assay were obtained, and used for further analysis. The livak (2 -ΔΔCt ) method (Livak and Schmittgen, 2001) were used for calculation of relative gene expression ratio. RT2 Profi ler PCR Array Data Analysis software (SABiosystems) was used to construct vocalno plot and clusterogram.
RESULTS

BIOINFORMATIC ANALYSIS AND SELECTING CANDIDATE ESTS
In our pervious study, 154 A. littoralis ESTs from four different library were isolated by cDNA-AFLP method, and used in this study. EST sequences were retrieved through Entrez Gene -EST database-at the National Centre for Biotechnology Information (NCBI). The four libraries names were LIBEST_028119 (69 ESTs with GenBank accession number of JK191110.1-JK191042.1), LIBEST_027583 (25 ESTs with GenBank accession number of JK671243.1-JK671267.1), LIBEST_027584 (34 ESTs with GenBank accession number of JK671209.1-JK671242.1), and LIBEST_027576 (26 ESTs with GenBank accession number of JK671176.1-JK671201.1).
All ESTs were evaluated by the CAP3 DNA sequence assembly program. Assembling of the 154 ESTs produced a total of 18 assembled contigs and 110 singletons. Of the 129 assembled unique transcripts, 111 (86%) and 18 (14%) comprised of singletons and contigs, respectively. A total of 129 non-redundant dataset were compared to the GenBank non-redundant database using BLASTX Hashemipetroudi et al.
to assign putative function. Of all aligned sequences, 58.9% could be assigned a putative identity, 20.9% with hypothetical or unknown functions and 20.9% showed no match with existing sequences. The size of most ESTs (79%) ranged from 100 to 400 bp. Sequence similarity searches using BLASTX were performed to compare the selected ESTs to subset of non-redundant protein sequences (nr) of green plant (taxid: 33090), Oryza sativa, Zea mays, Arabidopsis thaliana, Brachypodium distachyon, Setaria italica and Sorghum bicolor with several blast e-value cutoffs. We found that the A. littoralis transcript set (129 ESTs) showed a greater number of sequence similarity matches with Setaria italica and Zea mays transcripts. Based on functional annotation, 41 ESTs were selected for relative expression analysis in root and leaf tissues at different time-point of salt stress and recovery condition. The primer features are listed in Table 1 .
DNA CONTAMINATION ASSAY
For DNA contamination assay, the RNA samples have been tested by qPCR with. In our pervious study, a new procedure for testing DNA contamination was explained (Hashemi et al., 2016) . To monitor residual gDNA contamination in RNA sample, the total RNA samples were examined by three rDNA-based primer pairs in qPCR. Generally, observation of any band on the agarose gel or melting curve peak in qPCR analysis were considered as gDNA contamination. In this study, all RNA samples were tested by this procedure, and DNase-free RNA was used for cDNA synthesis.
PRIMER VALIDATION
The cDNA synthetized from control and treatment samples was also tested by qPCR. Pooled cDNA tissue samples containing equal amounts of the cDNA from control and treatment conditions were used to determine the primer pairs annealing temperature and their specifi city. Primers annealing temperature were adjusted to 55-60°C, and their specifi city was checked by melt curve analysis and electrophoresis in 3% agarose gels. Single sharp peak with no primer-dimer was used for relative expression analysis. From 41 ESTs tested in the melt curve analysis, three of the genes (C-NAD-MDH2, TTL, SAP and PI/PC-TP) were not amplifi ed and excluded from further analysis. The sharp peak of 5PTASE11 was only observed in root samples while no peak was detectable in leaf samples. The C t value of CHR11 in root time point were higher than 35 and therefore excluded from analysis. For RBPL39 and HP2 genes, sharp peak were amplifi ed only in leaf time points while unambiguous TFC D peak was only observed in root tissue. The trend of regulated genes in root and leaf tissues are presented in Figure 1 .
ROOT TIME POINT ANALYSIS
Distribution of C t values amplifi ed from root samples showed that in control and salt stressed samples, C t value of most genes were lower than 25. Percent distribution of C t values in C t range of <25 in different time-points including control. Salt Stress: S1, S2, S3, Recovery condition: R1, R2 and R3 were 54.63%, 59.26%, 50.00%, 53.70%, 6.48%, 5.56% and 59.26%, respectively. These values indicated that the mRNA level of most genes in control and salt-stressed samples were higher than in the mRNA level of recovered samples (except R3). For normalization of expression levels in Aeluropus littoralis, different set of reference genes as well as their optimal number were recommended for root and leaf samples (Hashemi et al., 2016) .
The three genes namely, RPS3, EF1A and UBQ were used as normalizer in root samples. For identifi cation of genes with statistically signifi cant gene expression changes, a volcano plot were used. Volcano plots are used to look at fold change and statistical signifi cance, simultaneously (Allison et al., 2006) .
In this study, expression values of 31 genes across six time point of root samples were compared to control samples by volcano plots (Figure 2) . Values above the blue line and outside of the vertical lines were determined to statistically signifi cant fold changes with 95% confi dence (=0.05). Genes with fold change higher than 2 or lower than -2 and p-value < 0.05 are indicated in blue in Figure 2 .
Based on volcano plot analysis, seven genes including ZF30, URM12, CAND1, SPIKE1, TBC1, HP1, MTL1 and 5PTASE had not signifi cant difference relative to control group. At time point S1, the expression level of SAMDC (3.1) and ISB1 (3.3) were higher while LecRLKs (-12.1), ARP (-18.2) and HP3 (-4.8) were downregulated (p-value < 0.05). Despite of the expression level of PP2C (4. 2) and GlyI (-7) were higher and lower than 2 and -2, but their fold changes were not signifi cant (value inside parentheses is fold change). In S2 time point, two gene of PP2C (5.7) and SelO (4.8) were signifi cantly upregulated while PICKLE (-4.5), Utp20 (-3.8), SYP81 (-3.6), CIPK20 (-4.1), HAK18 (-3.8) and LecRLKs (-18.9) were signifi cantly downregulated (p-value < 0.05). PP2C (13.4) and SelO (11.9) and SAMDC (4.1) were upregulated in S3 time point while LecRLKs (-6.2) were significantly downregulated.
Under recovery conditions at time point R1, the expression level of HsfA1a (3.2), SelO (18.9), TFC D (81.1), SAMDC (11.1), Katanin (9.5), F-box (4.3) were increased relative to control while, the genes of Utp20 (-533.5), VDAC3 (-4.7), SND1 (-5.5), NAP1 (-10.5), ISB1 (-5.9), NUC2 (-11.7), HAK18 (-6.9), ARP (-6.3), MUT (-5.9) showed downregulation in mRNA level. The genes found to be upregulated at time point R2 were similar to that of time point R1. HsfA1a (3.4), SelO (14.1), TFC D (49.6), SAMDC (5.5), Katanin (7.6), F-box (3) showed upregulation in R2 time point. A number of eleven genes including Utp20 (-223.1), SYP81 (-5.7), SND1 (-15.4), (Figure 3 A) . The result of the cluster analysis is depicted in a clustergram that shows all 31 genes analyzed and the magnitude each is expressed in control and 6 different root time points including group 1 (S1), group 2 (S2), group 3 (S3), group 4 (R1), group 5 (R2), group 6 (R3). Four major clusters of genes were observed: cluster I and II contained upregulated genes and cluster III and IV contained downregulated genes.
LEAF TIME POINTS ANALYSIS
Distribution of Ct values in leaf samples showed that the most of genes had Ct range of 25-30. Percent of Ct values in range of 25-30 in different time-points including control, S1, S2, S3, R1, R2 and R3 time-points were 57. 41%, 61.11%, 42.59%, 48.15%, 50.00%, 45.37% and 54.63%, respectively. Comparing of Ct values in root and leaf samples showed that the mRNA level in root samples were higher than leaf samples. The geometric mean of U2SURP and GTF Ct values were chosen as normalizer in leaf samples. Hashemipetroudi et al.
Similar to root analysis, expression values of 31 genes across 6 time point of leaf samples were compared to control samples by volcano plots (Plots have not shown). Based on volcano plot analysis, expression level of 18 genes including ZF30, URM12, TBC1, HP1, MTL1, PICKLE, PIP1; 3, VDAC3, SYP81, NAP1, CAND1, SAMDC, Katanin, ISB1, GlyI, CIPK20, HP2, MUT, RBPL39, SPIKE1 were unchanged relative to control group in different leaf time point.
In S1 time point, PP2C (3.4) were upregulated while NUC2 (-3.3), LecRLKs (-9.5), ARP (-9.9) and HP3 (-3.8) and STPK (-6.7) were signifi cantly downregulated (p-value < 0.05). In S2 time point, SelO (8.9) were signifi cantly upregulated while LecRLKs (-7.5), STPK (-12. 3) and KCNK12 (-4.7) were signifi cantly downregulated. In S3 time point, only upregulation of PP2C (3.4), SelO (8.9) and Utp20 (-533.5) were observed among all analyzed genes. PP2C (3.4), SND1 (3.1) and PITP (8.9) showed upregulation in R1 time point while ARP (-7.5) were signifi cantly downregulated. In the R2 time point, the expression level of PP2C (6.5), LecRLKs (3.5), STPK (5.1) and KCNK12 (4.1) were signifi cantly were increased relative to control. Finally, HsfA1a (3.4), HAK18 (-6.9), PITP (8.9) showed upregulation in R3 time point. The leaf clustergram were presented in Figure 3 B. Three major clusters of genes were observed. The most signifi cantly up or down-regulated genes allocated into cluster II. This cluster represents genes reacting to recovery conditions.
DISCUSSION
The development of salt or drought-adopt crops either through the use of the crops wild relatives as genetic resources or domestication of naturally tolerant species have been proposed as a strategy to face with the environmental challenges. Halophytes as crops naturally salt-tolerant species are now being promoted in agriculture, particularly to provide forage, medicinal plants, aromatic plants (Flowers et al., 2010) . Although, improving crop salt tolerance by genetic engineering is not easy, halophyte germplasm can furnish "climate-ready" genes for plant breeding program (Jaradat, 2010). Different aspects of A. littoralis properties such as life style, morphological, anatomical, ecological, physiological and molecular characteristics have been investigated so far (Hashemi et al., 2013 , Hashemi-Petroudi et al., 2014 .
In the present study, we have focused on gaining insight on differential regulation of some responsive ESTs in response to salt stress and recovery condition. Expression pattern of 41 selected ESTs were estimated by qPCR in root and leaf tissue. In the root, the genes of SAMDC, ISB1 (6hrs), PP2C and SelO, HsfA1a, TFC D, Katanin, F-box were signifi cantly up-regulated relative to control while LecRLKs, ARP, HP3, PICKLE, Utp20, SYP81, CIPK20, HAK18, VDAC3, SND1, NAP1, ISB1 (6hrs and 24hrs) , NUC2, MUT, HP1 and PIP1;3 showed down-regulation in given conditions. In the case of leaf tissue, the genes of PP2C, SelO, Utp20, SND1, PITP, LecRLKs, STPK, KCNK12, HsfA1a, HAK18, NUC2, ARP, HP3 and ARP were signifi cantly up-or down-regulated. Interestingly, expression of some genes was induced by salt stress while also signifi cantly repressed by recovery condition. Here interestingly the transcriptional regulator HsfA1a could be found. HsfA1a was formerly described to be a main component of the heat and drought stress response (Liu et al., 2013 , Wang et al., 2015 .
In this study, the protein phosphatase 2C (PP2C) were activated in salt stress and recovery condition. The PP2Cs from various organisms have been implicated to act as negative modulators of protein kinase pathways involved in diverse environmental stress responses and developmental processes (Xue et al., 2008) . The SYP81 showed down regulation in given conditions. Syntaxins (with the exception of syntaxin 11) are transmembrane proteins which their functions respect to organism growth, physiology and development are not well known (Teng et al., 2001) . The coexpression analysis showed that, the most signifi cantly up or down-regulated genes allocated into cluster II (leaf tissue). Genes found in Cluster II are interesting candidates for physiological reactions related to the recovery of the plant after salt stress. This cluster represents genes reacting to recovery conditions.
CONCLUSION
In this study we bioinformatically analyzed the 154 ESTs from A. littoralis and the functionally annotation showed that 58.9% of ESTs had a putative function, 20.9% were hypothetical or unknown functions and 20.9% showed no match with existing sequences. The qPCR expression analysis of 41 selected ESTs showed different regulation in leaf and root tissue. The gene expression profi ling has done in this study will also provide insight into the role of selected ESTs in different time points of salt stress and recovery condition. Differential regulation of these genes also point at their role in salt stress tolerance in plant. These information facilitate understanding the molecular mechanisms of stress related genes and could be used as valuable starting point for further research on these genes.
